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CONTROL VALVE ARRANGEMENT 

This invention relates to a control valve arrangement for use i a controlling fluid 
pressure within a control chamber. In particular, the invention relates to a 
control valve arrangement for use in controlling fluid pressure within a control 
chamber forming part of a fuel injector for use in the delivery of fuel to a 
combustion space of an internal combustion engine. 

It is known to provide a fuel injector with a control valve arrangement which is 
arranged to control movement of a fuel injector valve needle relative to a 
seating so as to control the delivery of fuel from the injector. Movement of the 
valve needle away from the seating permits fuel to flow fronran injector 
delivery chamber through an outlet of the injector into the en.£ne cylinder or 
other combustion space. 

The control valve arrangement includes a control valve member which is 
movable between a first position, in which fuel under high pressure is able to 
flow into the control chamber, and a second position in which the control 
chamber communicates with a low pressure fuel reservoir. A surface associated 
with the valve needle is exposed to fuel pressure within the obntrol chamber 
such that the pressure of fuel within the control chamber applies a force to the 
valve needle to urge the valve needle against its seating. 

In order to commence injection, the valve arrangement is actuated such that the 
control valve member is moved into its second position, thereby causing fuel 
pressure within the control chamber to be reduced. The force urging the valve 
needle against its seating is therefore reduced and fuel pressure within the 
delivery chamber serves to lift the valve needle away from it! seating to permit 
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fuel to flow through the injector outlet. In order to terminate injection, the 
valve arrangement is actuated such that the control valve member is moved into 
its first position, thereby permitting fuel under high pressure !b flow into the 
control chamber. The force acting on the valve needle due to fuel pressure 
within the control chamber is therefore increased, causing the : valve needle to 
be urged against its seating to terminate injection. 

For optimal injector performance, it is desired to control the rate at which the 
valve needle of the injector lifts so as to provide a controlled -increase in 
injection rate. However, it is also desired to terminate injection rapidly. 

It is known to provide a restricted flow path so that the rate of flow of fuel 
between the source of high pressure fuel and the control chanlber is restricted. 
This alleviates the problem of unbalanced hydraulic forces acting on the 
control valve member as a result of the flow of fuel past the vhlve seat. Such 
unbalanced forces can cause the valve needle of the injector tb 'dither' between 
injecting and non-injecting positions, and this has a detrimenlial effect on 
injector performance. 

A disadvantage of this restricted flow path is that it slows do\im the rate at 
which the control chamber is pressurised, and therefore the rate at which the 
valve needle of the injector is urged against its seating to terminate injection. 
Furthermore, depressurisation of the control chamber can occur rapidly, giving 
rise to relatively fast valve needle lift. Such characteristics are not considered 
to provide optimal injector performance. 
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It is an object of the present invention to provide a control vajve arrangement 
suitable for use in a fuel injector, which enables an improved injection 
characteristic to be achieved. 

According to a first aspect of the present invention there is provided a control 
valve arrangement for use in controlling fuel pressure within a control 
chamber, the control valve arrangement including a control valve member 
which is movable between a first position in which the contrcll chamber 
communicates with a source of high pressure fuel and a second position in 
which the control chamber communicates with a low pressure fuel drain and 
communication between the control chamber and the source <bf high pressure 
fuel is broken, and restricted flow means for restricting the rate of flow of fuel 
from the control chamber to the low pressure fuel drain when' the control valve 
member is moved from the first position to the second positicin. 

The control valve arrangement has particular application in a Ifuel injector, and 
may be arranged to control fuel pressure within a control chamber associated 
with an injector valve needle so as to control movement of the valve needle 
towards and away from a valve needle seating for the purposcb of controlling 
injection. 

One advantage is that the restricted flow from the control chamber to the low 
pressure drain results in a slower decrease in pressure within the control 
chamber. As a result, the speed with which the valve needle 't>f the injector lifts 
away from its seating is slower and can be determined by selection of a suitable 
size of restriction. 
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Preferably, the restricted flow means is further operable for restricting the rate 
of fuel flow from the high pressure fuel source to the low pressure drain when 
the valve member is moving between the second position andl the first position. 

The rate of flow of fuel through the control valve arrangement as the control 
valve member is moved is determined by the pressure difference between the 
high pressure source and the low pressure drain, and by the siize of any 
restriction to flow. The unbalanced hydraulic forces which g:ive rise to the 
aforementioned "dithering" problem are caused by a high rafcb of flow of fuel in 
this condition. The present arrangement overcomes the "dithering' 7 problem at 
the same time as providing a slower, more controlled lifting cjf the valve needle 
in the injector for optimal injector performance. The invention therefore also 
permits more accurate control over the injection of low delivery flows at small 
values of needle lift. 

In a preferred embodiment, the valve member is engageable ^ith a first seating 
when in the first position and with a second seating when in the second 
position. 

In one embodiment, the first seating is defined by a surface o f a bore provided 
in a valve housing within which the valve member is movable. The second 
seating may also be defined by surface of the bore provided rti the valve 
housing. 

i 

: 

The restricted flow means may comprise a restricted flow pasbage defined by 
an outer surface of the valve member and the bore in the valvb housing. In one 
embodiment, the restricted flow passage is located between tike first seating and 
the second seating. 
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Conveniently, the valve member and the valve housing together define a flow 
passage between the first seating and the second seating, wherein the flow 
passage is provided with the restricted flow means upstream <nf the first seating, 
said restricted flow means preferably taking the form of a res tricted clearance 
between a bore in the valve housing and an outer surface of tide valve member. 

The valve member may be shaped such that the restricted passage is defined by 
control flats, slots or grooves on the outer surface of the valve member, 
together with the bore in the valve housing. 

In an alternative embodiment, the restricted flow means is arranged 
downstream of the first seating, between the first seating and the low pressure 
drain. 

In an alternative embodiment, the restricted flow means may be defined by an 
orifice or restricted drilling provided in the valve member. Tile orifice or 
restricted drilling may be provided in a region of the valve member 
downstream of the first seating. 

The bore in the valve housing may be provided with a sleeve <or insert member, 
wherein the sleeve defines the first seating and/or the second seating. 

The valve member may be provided with a collar having a slidable fit within a 
sleeve bore and may be shaped to define a recess between the' first seating and 
the collar. The collar may be integrally formed with the valv-5 member, or may 
be a separate part carried by the valve member. Preferably, the orifice in the 
valve member may open into the recess. 
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A particular benefit of this embodiment is that the size of the restriction to flow 
depends upon the size of a single machine operation (the fornnation of the 
drilling defining the orifice). 

In an alternative preferred embodiment, the control valve arrangement includes 
a by pass flow means arranged within the control chamber. Preferably the by . 
pass flow means includes a plate valve arrangement including a plate valve 
member provided with a control orifice extending therethroujjh- Preferably, a 
wall of the control chamber defines a plate valve seating, whtireby the plate 
valve member is moveable against the plate valve seating by means of fuel 
pressure within the control chamber, so as to ensure the flow of fuel from the 
control chamber flows through the control orifice when the p';late valve member 
is engaged with the plate valve seating. 

Preferably, the control chamber is shaped to define a bypass How passage 
around the plate valve member, whereby a substantially unrestricted flow of 
fuel can enter the control chamber when the plate valve member is urged away 
from the plate valve seating. 

According to a second aspect of the present invention there is' provided a fuel 
injector for use in delivering fuel to an internal combustion engine comprising 
a valve needle which is engageable with a valve needle seating, in use, to 
control fuel delivery through an outlet opening, a surface associated with the 
valve needle being exposed to fuel pressure within a control c hamber, and a 
control valve arrangement for controlling fuel pressure within the control 
chamber as hereinbefore described in accordance with the invention. 



I tw • www 




04/07/2002 

r 



14:32 MARKS & CLERK BHflM * 902074044yitf 




-7- 

Preferably, when the control valve member is in its first position, the valve 
needle is urged seated against the valve needle seating due to high fuel pressure 
within the control chamber, such that fuel injection does not occur. 

According to a third aspect of the present invention there is provided a fuel 
injection system for an internal combustion engine comprising a fuel injector as 
hereinbefore described in accordance with the invention. 

According to a fourth aspect of the present invention, there Is provided a fuel 
injector for use in delivering fuel to an internal combustion engine, the fuel 
injector comprising a valve needle which is engageable with a valve needle 
seating, in use, to control fuel delivery through an outlet openimg/a surface 
associated with the valve needle being exposed to fuel pressure within a control 
chamber, a control valve arrangement for controlling fuel pressure within the 
control chamber so as to control fuel injection and a further valve arrangement 
which is operable in response to fuel pressure within the control chamber so as 
to permit a restricted flow of fuel out of the control chamber (during valve 
needle lift and an increased flow of fuel into the control chaorber during 
pressurisation of the control chamber to terminate injection. 

It will be appreciated that preferred and/or optional features cf the first aspect 
of the invention may also be incorporated in the other aspects of the invention. 

The invention will be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a sectional view of a known fuel injector which may be provided 
with the control valve arrangement of the present invention, 



Figure 2 is a sectional view of a known control valve arrange.inent for use in 
the injector in Figure 1, 

Figure 3 is a sectional view of part of a control valve arrangement forming part 
of a first embodiment of the invention, 

Figure 4 is a sectional view of part of a control valve an-angejkient forming part 
of a second embodiment of the invention, 

Figure 5 is a sectional view of a part of a control valve arrangement forming 
part of a third embodiment of the invention, and 

Figure 6 is a sectional view of part of a control valve arrangeiinent forming part 
of a third embodiment of the invention. 

Referring to Figure 1 , a fuel injector for use in delivering fuell to an engine 
cylinder or other combustion space of an internal combustionlengine comprises 
a valve needle 10 which is slidable within a bore 12 provided in a nozzle body 
l^T^hg"^ WTT^ai e~l 0 is engageate lewH h a valve needle^eitmrl^gfined-- 
by the bore 12 so as to control fuel delivery through a set of cjntlet openings 18 
provided in the nozzle body 14. The bore 12 is shaped to define an annular 
chamber 20 to which fuel under high pressure is delivered, iniuse, through a 
supply passage 22 provided in the nozzle body 14- Fuel delivered to the 
annular chamber 20 is able to flow through flats, grooves or f taxes 24 provided 
on the surface of the valve needle 10 into a delivery chamber 26 defined 
between the valve needle 10 and the bore 12. 
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At the end of the valve needle 10 remote from the outlet openings 1 8, the end 
surface 10a of the valve needle 10 is exposed to fuel pressure within a control 
chamber 30. Fuel pressure within the control chamber 30 applies a force to the 
valve needle 10 which serves to urge the valve needle 10 against the valve 
needle seating 16 to prevent fuel injection through the outlet <bpenings 18. In 
use, with high pressure fuel supplied to the annular chamber :|0 through the 
supply passage 22 and, hens- to the delivery chamber 26, a force is applied to 
thrust surfaces 10b, 10c of *e valve needle 10 which serves tb urge the valve 
needle 10 away from the valve needle tearing 16. If fuel pressure within the 
control chamber 30 is reduced sufficiently, the force acting oii the thrust 
surfaces 10b, 10c due to fuel pressure within the delivery chamber 26 is 
sufficient to overcome the force acting on the end surface 10a( of the valve 
needle 10, such' that the valve^eedle 10 lifts away from the vilve needle 
seating 16to commence fuel' : injection. Thus, b} controlling loiel pressure 
within the control chamber 30, initiation and termination of frtel injection can 
be controlled. 

The pressure of fuel within the control chamber 30 may be controlled by means 
of the control valve arrangement, as showri'in Figure 2. The control valve 
arrangement includes a control valve member- 32 which is slidabie within a 
further bore 34 defined in a valve housing 36. The valve hou sing 36 is to 
abutment with a further housing 40 within which the control cihamber 30 is 
defined, at least in part. The further housing 40 is provided v>iith a drilling 
which defines a flow passage 42 in communication with a lovV pressure fuel 
reservoir or drain. 

The end face of the further housing 40 defines a first seating 38 with which an 
end of the control valve member 32 is engageable when the obntrol valve 

i 
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member 32 is moved into a first position. The further bore 34 is shaped to 
define a second seating 44 with which a surface of the contro I valve member 32 
is engageable when the control valve member 32 is moved into a second 
position. Conveniently, the control valve member 32 is biased into 
engagement with the first seating 38 by means of a spring (net shown) or other 
biasing means. Movement of the control valve member 32 may be controlled 
by means of an electromagnetic actuator arrangement or a pieizoelectric 
actuator arrangement in a conventional manner. 

It will be appreciated that the high pressure supply passage 2'\ passes through 
several housing parts (e.g. 14 in Figure 1, 40 in Figure 2). 

In use, with the control valve member 32 in its first position such that the end 
of the control valve member 32 is in engagement with the firilt seating 38, fuel 
at high pressure is able to flow from the supply passage 22 through an 
intermediate flow passage 46 defined in the valve housing 36; past the second 
seating 44 and into the control chamber 30. In such circumstances, fuel 
pressure within the control chamber 30 is relatively high such that the valve 
needle 10 is urged against the valve needle seating 16. Thus, fuel injection 
through the outlet openings r 8" does not ocear. The con u- ol v t j lve member32-is- 
shaped such that a flow path of relatively large diameter exislfe for fuel flowing 
through the intermediate flow passage 46, past the second seating 44 and into 
the control chamber 30 when the control valve member 32 is seated against the 
first seating 38. 

When the control valve member 32 is moved away from the JRrst seating 38 
into engagement with the second seating 44, fuel within the supply passage 22 
is no longer able to flow past the second seating 44 and fuel within the control 
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chamber 30 is able to flow past the first seating 38 and through the flow 
passage 42 to the low pressure fuel reservoir. Fuel pressure viithin the control 
chamber 30 is therefore reduced and the valve needle 10 is urged away from 
the valve needle seating 16 as the force due to fuel pressure Within the delivery 
chamber 26 acting on the thrust surfaces 10b and 10c of the valve needle is 
sufficient to overcome the reduced force acting on the end surface 10a of the 
valve needle 10. 

Referring to Figure 3, in which equivalent features have the s ame reference 
numerals as those of Figure 2, the valve member 32 is providsd with a portion 
50 located between the first seating 38 and the second seating' 44 having a 
cylindrical outer surface 52. The further bore 34 in the valve housing 36 
includes a portion between the first seating 38 and the second seating 44 having 
an internal cylindrical surface 54. The cylindrical surface 52 of the valve 
member 32 and the cylindrical surface 54 of the bore 34 togeilher define a 
restricted flow passage or path 55 between the first seating 38 and second 
seating 44. The control chamber 30 communicates, via an expended passage 58 
provided in the housings 36, 40, with an annular gallery 56 defined within the 
further bore 34. The diameter of the bore 34 is substantially identical to the 
diameter of the first seating 38, due to the "cut away" portion. of the valve 
member 32 at its lower end. j 

In use, when the valve member 32 is in engagement with the First seating 38, 
spaced away from the second seating 44, the control chamber 1 30 is in 
communication with high pressure fuel, and the valve needle 10 of the injector 
is urged against the injector seating 16. When the valve member 32 is lifted 
away from the first seating 38 and moves towards the second Iseating 44, high 
pressure fuel flows through the extended passage 58, into the igallery 56 and 
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through the restricted flow passage 55 to the low pressure drain, and a point 
will be reached at which pressure in the control chamber 30 is: relieved 
sufficiendy to permit the valve needle 10 to lift. The restricted flow of fuel 
through the restricted passage 55 during valve needle lift camSes the pressure in 
control chamber 30 to fall more slowly than in the prior art arrangements, 
giving rise to a slower opening of the valve needle 10 of the injector. 

When the valve member 32 is moved back into engagement \ftth the first 

i 

seating 38, the pressure of fuel in the control chamber 30 risefe rapidly as the 
flow of high pressure fuel into the control chamber 30 does not pass through 
the restriction 55. Termination of injection is therefore rapid as the pressure in 
the control chamber 30 urges the valve needle 10 of the mjeciior against its 
seating 16. 

As the valve member 32 moves between its second position (bngagement with 
the second seating 44) and its first position (engagement withlfhe first seating 
38), any flow of high pressure fuel past the second seating 441 to low pressure is 
restricted by the restricted flow passage 55. In known arrangements, while the 
valve member 32 is moving between these positions, the rate bf flow of fuel is 

^gtermtneii-ljy-tteig essu r e di ff ei e uce between-the-Mgh~pressWsupply 

(through 34) and the low pressure drain (through 42) and the unbalanced 
hydraulic forces which give rise to the aforementioned "dithering" problem are 
caused by a high rate of flow of fuel to low pressure. The "dikhering" problem 
is overcome by the present arrangement as the rate of flow oflhigh pressure fuel 

i 

to low pressure as the valve member 32 is moving from its sebond seating 44 to 
its first seating 38 is restricted by means of the passage 55. At the same time, 
the benefits of a rapid termination of injection can also be aclueved. 
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As a slight modification, the valve member 32 may be provided with flats, slots 
or grooves on its outer surface to define the restricted flow passage for fuel 
between the control chamber and the low pressure dram durirfg needle lift. 

For low values of needle lift (i.e. when the valve member is at or near the first 
seating 38), the hydraulic forces acting on the valve member 32 are 
substantially balanced, but for intermediate values of needle lift, as the valve 
member 32 is moving between its first seating 38 and its second seating 44, 
there will be a force imbalance acting on the valve member 32 as the control 
pressure due to flow from the control chamber 30 is still relatively high. At or 
near full needle lift, with the valve member 32 at or near its s.scond seating 44, 
control pressure is substantially reduced and the valve membia: 32 is balanced 
once again. As a result of the flow-dependent imbalance of fctrces acting on the 
valve member 32, movement of the valve member 32 will be slowed as it 
approaches the second seating 44. As it approaches the first seating 38 to 
terminate injection, the rate of movement of the valve membet 32 will be 
increased. This asymmetry is a desirable characteristic. 

Referring to Figure 4, in which equivalent features have the sjime reference 
numerals as those of Figures 2 and 3, an alternative arrangement is shown in 
which the first seating 38 is defined by an end face of a sleevib 60 or "floating 
seat" inserted into the bore 34 of the housing 36. A lower pcirtion 62 of the 
valve member 32 is provided with a collar 64, having an outer cylindrical 
surface, which forms a slidable fit within a bore 66 of the sleelve 60. The valve 
member 32 is also shaped to define an annular recess 68, locjited upstream of 
the collar 64, in fluid communication with the low pressure drain passage 42 
via an orifice 70 and a blind drilling 72 provided in the Iower'region 62 of the 
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valve member 32. The orifice 70 has a diameter, which is selected to provide a 
restriction to fuel flow therethrough. 

As shown in Figure 4, when the valve member 32 is in the se-tond position it 
which it engages the second seating 44, the control chamber -10 is in fluid 
communication with the low pressure drain so that fuel can flbw past the first 
seating 38 into the recess 68, through the orifice 70 and the drilling 72 to the 
low pressure drain 42. The orifice 70 therefore provides the iiame flow 
restricting effect as the restricted passage 55 of the embodiment of Figure 3, 
resulting in a slower fall of pressure in control chamber 30 asjthe valve member 
32 is moved from its first position (engagement with the first bearing 38) into 
its second position (engagement with the second seating 44). " 

Similarly, when the valve member 32 is moved out of engageiment with the 
second seating 44, the pressure of fuel within the control chamber 30 rises 
rapidly. While the valve member 32 moves between the seccind seating 44 and 
the first seating 38, and just prior to the valve member 32 sealing against the 
first seating, the flow of high pressure fuel past the second seating 44 is 
restricted by the orifice 70 to avoid or reduce the problem of dithering. 

Figure 5 shows a further alternative embodiment to that showii in Figures 3 and 
4. In this embodiment, the first seating 38 for the valve memBer 32 is of greater 
diameter than the diameter of the bore 34 defining the second! seating 44 but is 
the same as the diameter of the valve member 32 at an outer itadial edge 44a of 
the seatable surface of valve member 32. The valve arrangenslent also includes 
a balance piston 60 received within the blind drilling 72 provided in the lower 
end of the valve member 32. As described previously with relference to Figure 
3, the outer surface of the lower end of the valve member 32 knd the bore 34 in 
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the valve housing 36 together define a restricted flow passage: 54 which serves 
to restrict the rate of flow of fuel between the control chamber and the low 
pressure drain when the valve member 32 is moved away frajn the first seating 
38. Alternatively, the valve member 32 may be provided witbi control flats on 
its outer surface to define the restricted flow passage. 

The provision of the balance piston 60 serves to pressurise thii space 72, 73 
below the valve member 32 such that pressure within this region tends to 
equalise with that of the control chamber 30. During movement of the valve 
member 32 between the first and second seatings 38, 44 to initiate needle lift, 
the hydraulic forces acting on the valve member 32 are therefore balanced, but 
would not otherwise be due to the dimensions of the first and second seatings 
38, 44 and edge 44a. The balance piston 60 should be dimensioned to be a 
relatively tight fit within the drilling 72 so as to minimise fuel leakage loss to 
low pressure during termination of injection. 

Referring to Figure 6, in another embodiment the control chatnber 30 includes 
a plate valve arrangement 80 which is operable in response tc fuel pressure 
within the control chamber 30. The plate valve arrangement B0 may be 
provided in combination with the control valve arrangement <&f Figure 2, or in 
combination with the control valve arrangement of Figure 3 >br 4. The plate 
valve arrangement 80 has a plate valve member 82 having first and second end 
faces 84, 88 and a control orifice 86 extending through the pl,lite valve member 
82 between the end faces 84, 88. The wall of the control chaitober 30 is shaped 
to define a plate valve seating 90 for the first end face 84 of tike plate valve 
member 82, and an annular recess defining a bypass flow passage 92 around 
the plate valve member 82. Although not shown in Figure 6, the plate valve 
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airangement may be provided with a spring to bias the plate valve member 82 
towards the plate valve seating 90. 

In use, when the control valve member 32 of Figure 2 is seated against the first 
seating 38, fuel pressure within the control chamber 30 is high and the valve 
needle 10 of the injector is seated. When the control valve member 32 is lifted 
away from the first seating 38, the control chamber 30 is brought into 
communication with the low pressure drain passage 42. The pressure of fuel in 
the control chamber 30 serves to urge the plate valve member 82 against the 
plate valve seating 90 so that fuel can only escape from the control chamber 
through the control orifice 86 in the plate valve member 82 ai: a controlled rate. 
This results in a slower lifting of the injector valve needle 10 away from its 
seating 16. 

When the control valve member 32 is moved away from the uecond seating 44 
back towards the first seating 38, high pressure fuel is able to! flow into the 
control chamber 30. As high pressure fuel is re-established vfith the control 
chamber 30, the plate valve member 82 is urged away from the plate valve 
seating 90 to permit a rapid flow of high pressure fuel around: the plate valve 
m embe a 82 Uuoug l i d ie byp as s flow passage 92rttrimpartra-^ 
the back end of the valve needle 10. The provision of the plate valve 
arrangement therefore enables rapid re-pressurisation of the control chamber 30 
when injection is to be terminated. Thus, rapid closure of the injector valve 
needle 10 can be achieved. 

In an alternative embodiment to that shown in Figure 6, the pilate valve member 
82 may be replaced by a fixed part provided with a control oiifice 86 having an 
inlet end in communication with the path from the valve (i.e. Valve member 32 
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in Figures 3 to 6) and an outlet end in communication with the control chamber 
30. The inlet end of the control orifice 86 is radiused or bell or trumpet 
mouthed, and the oudet end is sharp edged such that there is a greater 
restriction to the fuel flow rate out of the control chamber 30 than into the 
control chamber 30. This embodiment also therefore provides an asymmetric 
needle lift characteristic, as described previously for the embodiments of 
Figures 3 to 6. The plate member replacing the plate valve ratember 82 may be 
a separate component, or may form part of the housing defining the walls of the 
control chamber 30. • 
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CLAIMS 

1 . A control valve arrangement for use in controlling fuel f fressure within a 
control chamber, the control valve arrangement including a control valve 
member which is movable between a first position in which the control 
chamber communicates with a source of high pressure fuel arid a second 
position in which the control chamber communicates with a Low pressure fuel 
drain and communication between the control chamber and tile source of high 
pressure fuel is broken, and restricted flow means for restricting the rate of 
flow of fuel from the control chamber to the low pressure fuel drain when the 
control valve member is moved from the first position to the necond position. 

2. A control valve arrangement as claimed in Claim 1 , wherein the restricted 
flow means is further operable for restricting the rate of fuel ilow from the high 
pressure fuel source to the low pressure drain when the valve member is 
moving between the second position and the first position. 

3. A control valve arrangement as claimed in Claim 2, wherein the valve 
member is engageable with a first seating when in the first position and with 
a second sealing when in die second position, w hereiirm^trst-seating-ts 
defined by a surface of a bore provided in a valve housing within which the 
valve member is movable. 

4. A control valve arrangement as claimed in Claim 3, wltierein the second 
seating is defined by surface of the bore provided in the yarte housing. 

5. A control valve arrangement as claimed in Claim 3 or Claim 4, wherein the 
restricted flow means comprise a restricted flow passage defihedby an outer 
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surface of the valve member and the bore in the valve housin;?. 

6. A control valve arrangement as claimed in Claim 5, wher-fein the valve 
member is shaped such that the restricted flow passage is defined, in part, by a 
control flat provided on the outer surface of the valve member. 

7. A control valve arrangement as claimed in Claim 5 or CI rim 6, wherein the 
restricted flow passage is located between the first seating ami the second 
seating. 

8. A control valve arrangement as claimed in any of Claims 3 to 7, 
wherein the restricted flow means is arranged upstream of tihe first seating 
and downstream of the second seating. 

9. A control valve arrangement as claimed in any of Claims 3 to 7, 
wherein tihe restricted flow means is arranged downstream elf the first seating, 
between the first seating and the low pressure drain. 

10. A control valve arrangement as claimed in Claim 1 or Claim 2, wherein an 
insert member is arranged within the bore in the valve housing, and wherein the 
sleeve defines the first seating. 

11. A control valve arrangement as claimed in Claim 1 0, wherein the valve 
member is provided with a collar having a slidable fit within a sleeve bore and 
shaped to define a recess between the first seating and the collar. 

12. A control valve arrangement as claimed in any of Claims 1 to 1 1, wherein 
the restricted flow means is defined by an orifice provided in '.the valve 
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member. 

13. A control valve arrangement as claimed in any of Claims 1 to 12, wherein 
the control valve arrangement includes a by pass flow means arranged within 
the control chamber. 

14. A control valve arrangement as claimed in Claim 13, wherein the by pass 
flow means includes a plate valve arrangement including a plate valve member 
provided with a control orifice extending therethrough- 

15. A control valve arrangement as claimed in Claim 14, wherein a wall of the 
control chamber defines a plate valve seating, whereby the plate valve member 
is moveable against the plate valve seating by means of fuel pressure within the 
control chamber, so as to ensure the flow of fuel from the conltrol chamber 
passes through the control orifice when the plate valve membfer is engaged with 
the plate valve seating. 

16. A control valve arrangement as claimed in Claim 15, wherein the control 
chamber is shaped to define a by pass flow passage around the plate valve 
member, whereby a substantially unrestrictedflow offuel can enter ihe control""" 
chamber when the plate valve member is urged away from the plate valve 
seating. 

17. A fuel injector for use in delivering fuel to an internal combustion engine, 
the fuel injector comprising a valve needle which is engageatHe with a valve 
needle seating, in use, to control fuel delivery through an outlet opening, a 
surface associated with the valve needle being exposed to fuel pressure within a 
control chamber, a control valve arrangement for controlling fuel pressure 




within the control chamber so as to control fuel injection and a further valve 
arrangement which is operable in response to fuel pressure wJthin the control 
chamber so as to permit a restricted flow of fuel out of the control chamber 
during valve needle lift and an increased flow of fuel into the control chamber 
during pressurisation of the control chamber to terminate injection. 

18. A fuel injector for use in delivering fuel to an internal combustion engine 
comprising a valve needle which is engageable with a valve rleedle seating, in 
use, to control fuel delivery through an outlet opening, a surfclce associated 
with the valve needle being exposed to fuel pressure within a control chamber, 
and a control valve arrangement as claimed in any of Claims 1 to 17 for 
controlling fuel pressure within the control chamber. 

19. A fuel inj ection system for an internal combustion engine comprising a 
fuel injector as claimed in Claim 18. 

20. A control valve arrangement substantially as herein described with 
reference to the accompanying Figures 3 to 5. 

21 . A fuel injector substantially as herein described with reference to the 
accompanying Figures 3 to 5. 
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